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A SIMPLE TEST FOR THE ROUTINE DETECTION OF 
THE COLON BACILLUS IN DRINKING WATER.* 

William Royal Stokes, M.D., 
Baltimore, Md. 

[From the Laboratory of the State and City Boards of Health, Baltimore, Md.) 

The test which I propose for the routine detection of the 
colon bacillus in water depends mainly upon their organism's 
well-known gas-producing characteristics, which have been previ- 
ously described by Theobald Smith. ^ Its influence upon the anilin 
dye known as neutral-red is also of importance from a diagnostic 
standpoint, and a brief review of the experiments with this dye is 
therefore in order. 

Rothberger^ first pointed out the difference between cultures 
of the colon bacillus and those of the typhoid bacillus when 
grown in neutral-red agar tubes. The colon bacillus produced a 
yellow fluorescent appearance, while the typhoid bacillus caused 
little or no change in the port-wine-red color of the neutral-red 
agar. He thought that this change was caused by a process of 
reduction, since exposure to the air brought back the original 
color. 

Savage,^ Irons,* and others have applied this test to the 
routine examination of drinking water for the presence of Bacillus 
coli communis, and Irons made a series of comparative tests 
between 285 specimens of waters inoculated into fermentation- 
tubes and into neutral-red broth cultures. The reduction of the 
port-wine-red color of the neutral-red broth took place in 47 per 
cent ^ of cases, while only 35 per cent, of the dextrose fermenta- 
tion-tubes gave the characteristic gas formation of about 33 per 
cent., which is considered as an almost accurate indication of the 
colon bacillus. Irons again examined all of the specimens which 
reduced neutral-red broth, but which failed to produce 33 per 
cent, gas formation in dextrose bouillon in the fermentation-tube. 

* Read at the meeting of the Laboratory Section of the American Public Health Asso- 
ciation, October 26, 1903. 
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He found that in every case except three he could isolate other 
bacteria which reduced neutral-red, while he failed to demonstrate 
the presence of the colon bacillus in all but two of these twenty- 
two specimens. It can be granted, therefore, that Whipple's 
dextrose fermentation-tube test furnishes a more accurate test 
than the neutral-red bouillon tubes for the routine detection 
of Bacillus coli, since in addition Irons isolated various other 
bacteria from river water belonging to the enteritidis, proteus, 
cloacae, and non-gas-producing groups which reduced neutral-red 
in the bouillon test-tube. 

Gage and Phelps^ have used neutral-red in bouillon and shake- 
agar cultures in the routine detection of Bacillus coli communis, 
but, upon finding that a large number of other bacterial species 
caused the same reduction of red to yellow, they concluded that it 
was of little value as a confirmatory test of the colon bacillus. 

Jordan,^ in his investigation of the river waters in Illinois, has 
made an accurate classification of the various types of fermentative 
bacteria found in water, and this work has greatly helped the search 
for a simple test for isolating the colon bacillus from water. 

Groups I and II, which gave the characteristic cultural and 
fermentative reactions of Bacillus coli and Bacillus lactis aero- 
genes, can be passed without further comment, but Groups III 
and lY, with their subdivisions, need further mention. 

Group III liquefies gelatin, casein, and blood serum, and 
ferments glucose and sucrose, but not lactose. Subdivision 1 
forming less than 30 per cent, of gas in the fermentation-tube. 
Subdivision 2 not liquefying gelatin, while Subdivision 3, called 
the cloacae group, produces over 50 per cent, of gas in glucose 
and sucrose bouillon. Jordan mentions the fact that a few of 
these types in Subdivision 3 slowly ferment lactose; but it will be 
admitted by all, I think, that even this type will not produce 30 
per cent, of gas in forty-eight hours. As I shall later lay great 
stress upon the specific action of the colon bacillus upon lactose 
bouillon, this point has been mentioned at this time. Group IV 
resembles mainly the colon bacillus, but alkalinizes milk, and only 
produces gas in dextrose bouillon, not affecting lactose or sucrose. 
Its failure to ferment lactose is thus of diagnostic importance. 
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I have also isolated a series of organisms from the tap water 
in Baltimore, and from various streams and wells in Maryland, 
which correspond in the main to Jordan's groups, and the follow- 
ing tables show the fermentation characteristics of these groups 
in detail: 

TABLE I. 



GROUP I — B. VULGARIS. 



Gas Prod, 
and Ratio. 



Glucose 



Lactose - 
Sucrose 



Carbon-dioxide, 1 part 

Hydrogen, 1 part 

- 6-10^ 

- 2b% 

Garbon-dioxide, 1 part 

Hydrogen, 2 parts 



GROUP II 

Glucose 



-B. CLOACAE. 



- 60-100^ 

Carbon-dioxide, 2 parts 

Hydrogen, 1 part 

Lactose ----- 0-10^ 

Sucrose - - - - 60-100^ 

Carbon-dioxide, 2 parts 

Hydrogen, 1 part 

GROUP III — B. CLOACAE (nON- 
LIQUEFACIENS). 

Fermentation formula same as Group II. 

GROUP IV B. GASOFORMANS. 

Glucose - - - - 80^ 

Carbon-dioxide, 2 parts 

Hydrogen, 1 part 

Lactose ----- 90-100^ 

Carbon-dioxide, 2 parts 

Hydrogen, 1 part 

Sucrose - - _ . _ 90^ 

Carbon-dioxide, 2 parts 

Hydrogen, 1 part 

GROUP V — B. GASOFORMANS (nON- 
LIQUEFACIENS). 

Fermentation formula same as Group IV. 



CROUP VI — B. ENTERITIDIS (HOG- 
CHOLERA group). 

Gas. Prod, 
and Ratio 

Glucose . - - - 40-50^ 

Carbon-dioxide, 1 part 

Hydrogen, 2 parts 

Lactose ------ 

Sucrose ----- 



GROUP VII 

Glucose 



Lactose 



Sucrose 



B. PRODIGIOSUS. 

- 40^ 

Carbon-dioxide, 1 part 

Hydrogen, 2 parts 

90^ 

Carbon-dioxide, 2 parts 

Hydrogen, 1 part 



Carbon-dioxide, 2 parts 
Hydrogen, 1 part 

GROUP VIII — B. PYOCYANEUS. 

No fermentation of sugar bouillons. 

GROUP IX — ^B. PSEUDO-COLI. 

Glucose ----- 85^ 

Carbon-dioxide, 1 part 

Hydrogen, 2 parts 

Lactose ----- 40-70^ 

Carbon-dioxide, 2 parts 

Hydrogen, 1 part 

Sucrose _ - - _ - 90^ 



Glucose 



Lactose 
Sucrose 



Carbon-dioxide, 2 parts 
Hydrogen, 1 part 

GROUP X — B. COLI. 

40-50^ 

Carbon-dioxide, 1 part 

Hydrogen, 2 parts 

Same 

0-30^ 

Carbon-dioxide, 1 part 

Hydrogen, 2 parts 
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Note. — This classification is based upon the findings of the author and 
the groups described by Jordan. Fuller and Johnson describe a B. pyocy- 
aneus that ferments glucose, but the recent work with this organism seems 
to indicate that the true B. pyocyaneus does not ferment the various sugars 
with gas production. It is not claimed that these figures and ratios will not 
vary, but the present table is simply meant to form the basis for a working 
hypothesis for further work. 

TABLE II. 







Neutral-Red Re- 


5(K of Gas in Lac- 






action in Lactose 


CO2-I-H-2 


Group I 


B. vulgaris 


Positive 


Negative 


Group II 


B. cloacae 


Negative 


Negative 


Group III 


B. cloacae (non-liquefaciens) 


Negative 


Negative 


Group ly 


B. gasoformans 


Negative 


Negative 


Group V 


B. gasoformans 


Negative 


Negative 


Group VI 


B. enteritidis 


Positive 


Negative 


Group VII 


B. prodigiosus 


Negative 


Negative 


Group VIII 


B. pyocyaneus 


Negative 


Negative 


Group IX 


B. pseudo-coli 


Negative 


Negative* 


Group X 


B. coli 


Positive 


Positive 



Group I corresponded to the type of Proteus vulgaris, or Bacil- 
lus vulgaris, and was isolated in fifty-eight instances. These 
organisms produced about 20 per cent, of gas in glucose and 
sucrose bouillon, but lactose bouillon showed no gas formation. 
Twenty specimens did not liquefy gelatin. Group II was similar 
to the subdivision of Jordan's proteus group which he called the 
cloacae subdivision. These bacteria produced from 60 to 100 per 
cent, of gas in dextrose (glucose) and sucrose, but lactose never 
showed more than 10 per cent, of gas. Gelatin, serum, and 
casein were rapidly liquefied. Group III gave the same fermen- 
tation formula as Group II, but neither gelatin, serum, nor casein 
was liquefied. This I called Bacillus cloacae (non-liquefaciens). 
Forty-four specimens of Group II and eighty-six of Group III 
were isolated from the various waters. 

Group IV has been included in the proteus group by Jordan, 
but I think that this group deserves a special classification. This 
has been named Bacillus gasoformans because it produces rapid 
gas formation in dextrose, lactose, and sucrose. Dextrose shows 
about 80 per cent., lactose 100 per cent., and sucrose 90 per cent. 

♦Positive once in 567 specimens. 
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of gas in the fermentation-tube. This organism liquefied gelatin, 
and was isolated twenty-two times. 

Group V resembled Group IV, but did not liquefy gelatin. It 
was called Bacillus gasoformans (non-liquefaciens), and was 
obtained in thirty-three instances. 

Group VI corresponded to Bacillus enteritidis and produced 
about 40 per cent, of gas in dextrose bouillon, but did not affect 
lactose and sucrose. Thirteen specimens of this group were 
obtained, of which seven rendered milk alkaline, and six acidu- 
lated milk. One specimen liquefied gelatin. 

Group VII was Bacillus prodigiosus, which formed a brilliant 
red pigment and liquefied gelatin rapidly. It produced 50 per 
cent, of gas in glucose, about 90 per cent, in lactose, and about 
70 per cent, in saccharose bouillon. 

Group X was the Bacillus coli communis, and its well-known 
property of producing about 50 per cent, of gas in dextrose and 
lactose need hardly be mentioned. 

Bacillus coli was isolated 295 times, and fifteen specimens were 
obtained from water which corresponded to Bacillus coli in every 
particular, excepting that they liquefied gelatin, and usually pro- 
duced from 60 to 100 per cent, of gas in sucrose bouillon. 

In all, 567 fermentative bacteria was isolated from the various 
water supplies throughout the state of Maryland and the city of 
Baltimore. 

I have described the various types of gas production, in order 
to point out the fact that the colon bacillus produces results in the 
lactose bouillon fermentation-tube which might be considered as 
characteristic. The members of the other groups mentioned 
above either produce more or less gas than the Bacillus coli in 
lactose bouillon, and when more gas is produced the ratio of 
CO 3 to H is reversed as compared to that of the colon bacillus. 

While using the usual 1 per cent, solution of 0.5 per cent, 
aqueous neutral-red in bouillon, it occurred to me that this same 
method might be applied to fermentation tubes, and I added 0.1 
gr. per liter of neutral-red to all of the three sugar bouillons in 
the fermentation-tubes. 

The routine use of this dye has proved that the colon bacillus 
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apparently always produces a typical color reaction in all three 
tubes, although some other organisms produce the same result. 

In dextrose and lactose the reaction is especially marked, and 
consists in a reduction of the port-wine-red color of the bouillon 
in the closed end of the fermentation tube to a clear canary- 
yellow, or at times a darker orange color. The open bulb remains 
red, and a sharp line of demarkation between the yellow and red 
color takes place in the stem uniting the open and closed bulbs. 

After carefully examining the fermentation formulas of 567 
gas-producing bacteria, I have been able to find only sixteen 
specimens which produced gas varying from 30 to 60 per cent, in 
lactose bouillon. These were called Group IX, or B. pseudo-coli. 

These were all members of Bacillus gasoformans group; and 
if we relied entirely upon the 50 per cent, of gas production in 
lactose bouillon, we should have a percentage of error of 2. All 
but six of these organisms gave an inverted gas formula, however ; 
that is, 2 parts of COg to 1 part of H; and although I have 
tested only four in lactose neutral-red bouillon in the fermenta- 
tion-tube, in every case but one the entire medium was turned 
yellow, and did not show the typical contrast of port-wine-red and 
yellow, so typical of Bacillus coli. I have also inoculated neutral- 
red glucose fermentation-tubes with Bacillus coli in combination 
with one of each of the above groups, and in every instance the 
colon bacillus maintained its typical gas production, and pro- 
duced the contrast — yellow-red reaction. 

I have examined 567 gas formulas, and have found only six of 
these corresponding to the formula in lactose bouillon of Bacillus 
coli which failed to give the other tests for the colon bacillus. 
Three of these turned neutral -red entirely yellow in both branches 
of the fermentation-tube, leaving one in 567 specimens (two not 
tested in lactose) which could have been mistaken for the colon 
bacillus, if direct inoculation of fermentation-tubes had been 
employed, without further plating and isolation. 

Neutral-red lactose bouillon gave the yellow-red contrast reac- 
tion with Bacillus proteus. Bacillus Salmonii, Bacillus cloacae, 
and Bacillus enteritidis; but, of course, no gas was produced; 
while many specimens of Bacillus coli gave the typical yellow-red 



PLATE IX. 




Typical reaction of the B. coli in lactose bouillon in the 
fermentation tube, showing the yellow-red reaction with 
neutral red. 
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color reaction as well as the gas production. The Bacillus pro- 
digiosus turns lactose entirely yellow and produces 90 per cent, 
of gas in lactose. I have not had the chance to apply the other 
members of Jordan's chromogenic group to the lactose neutral- 
red test, but these are the only gas-producing water bacteria which 
I have not used, as far as I know, since it seems to be well estab- 
lished that Bacillus pyocyaneus does not produce gas, and this 
accords with my own experience. 

In conclusion, I think that the combination of the production 
of from 30 to 50 per cent, of gas, the proportion of 1 part of car- 
bon dioxide to 2 of hydrogen, and the neutral-red yellow-red con- 
trast reaction in lactose bouillon in the fermentation tube forms a 
characteristic reaction for Bacillus coli. 

I therefore propose it as a provisional test for the present, 
always to be controlled by isolation in pure culture. I hope that 
further work will prove that the isolation in pure culture is 
unnecessary. We shall then be able to substitute the simple 
inoculation of a fermentation-tube with varying amounts of water 
for the wearisome week's work now in vogue for the isolation of 
the colon bacillus from water. 
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